Introduction
Interstitial cystitis (IC) is a chronic bladder disorder occurring predominantly in women about 90 percent of all cases, which is characterized by urinary frequency, urgency, and pelvic/perineal pain at daytime and night-time. The onset of IC usually occurs from 30 to 70 years of age, but the prevalence of IC appears to be increasing among young and middle-aged women [1] . There are multiple theories regarding the cause of IC, but the reason has been not proven yet [2, 3] . Because IC is a poorly defined entity of unknown etiology and pathophysiology, the clinical syndrome of IC is not uniform and the symptoms are variable in nature and severity. The difficulty in diagnosis for most IC patients is due to the lack of histological changes and absence of laboratory assays, and is also significant overlap between chronic pelvic pain syndromes of patients and IC [4] . Although several diagnoses for IC have been reported such as clinical assessment, urodynamic testing, cystoscopy, bladder biopsy, urinary markers and intravesical potassium sensitivity testing (PST), there is lack of standard diagnosis method for IC [4, 5] . Until now a proper diagnostic tool for IC remains uncertain.
Although the PST has been introduced to help establish the diagnosis of IC by Parsons [6, 7] , the reliability of PST has been questioned due to the poor sensitivity, specificity, accuracy and controversial results [4, 8, 9] . Thus, the current PST is not a valid diagnostic tool. In addition, a major criticism of ambulatory urodynamic testing has been reported by its over-diagnosis [10] . In order to develop a uniform, definitive and worldwide standard technique with higher specificity, accuracy and sensitivity for the diagnosis of IC, spectroscopic determination has been considered. Raman spectroscopy is a powerful analytical technique capable of providing highly detailed chemical information for many biological samples [11, 12] .
Recently, Raman spectroscopy has been extensively reported to have potential for analysis and diagnosis of diseases, such as atherosclerosis, skin, cataractous lens, breast, cervix, and both the mineral and organic components of bone [13] [14] [15] [16] [17] . This technique not only has higher specificity and sensitivity but also acts as a non-destructive analysis without special sample preparation. For these reasons, we attempted to approach the possible use of Raman microspectroscopy as a clinical IC diagnostic tool via detecting the biomarker of freeze-dried water samples voided from all the participants after PST stimulation. The result of this preliminary study by using Raman microspectroscopic detection will be available for more certifying the result of PST.
Materials and methods
In this preliminary study, twenty-two female volunteers having 25 to 76 years old were presented to our outpatient department for their occasional painful sensation in the urinary tract. All the participants were fasted for at least 10 hrs before test to eliminate any possibility of the impact of dietary intake. All volunteers were undergone by cystoscopic screening, and glomerulations was essentially used to divide those volunteers with possible IC from the controlled participants. Two groups were divided by performing the IC screening (Table 1) : the first one was a clinical group with IC syndromes (n = 12), the second one was a control group without IC or urethral syndromes (n = 10). The participants were examined by PST, according to the procedure of Parsons's report [5, 6] , but a modification of the test using 0.2 M KCl instead of 0.4 M KCl was made to reduce irritation [18] . All the participants were screened by a questionnaire (Table 1) after continual installing distilled water (solutions 1) and 0.2 M KCl solution (solution 2). The participants were asked which solution caused more urgency or more pain than the other, and then rated the degree of provocation with pain and urgency on a scale of 0 (no symptom) to 10 (maximal symptom). An urodynamic evaluation was also performed with a Menuet Compact Plus (Dantec, Denmark) in accordance with the guidelines established by the International Continence Society and Chuang's report [19, 20] .
After removing the 0.2 M KCl solution from bladder, 40 ml of distilled water was installed again for maintaining 5 min, and then collected 10 ml of voided water for further study. Aliquots (3.0 mL) were placed in a glass tube, then immersed in N 2 until frozen, and freeze-dried (Christ Gamma 1-20, Osterode am Harz, Germany; p < 50 × 10 −3 mbar, condenser temperature = −45
• C). Each freeze-dried sample was directly determined by using a confocal micro-Raman spectrophotometer (Ventuno, Jasco Co., Tokyo, Japan) equipped with a 30 mW green (532 nm) solid-state laser as standard via non-destructive analysis [21, 22] . The pixel resolution was 1.3 cm −1 . A Teflon plate was used as a substrate for Raman determination. Each sample was determined three times and the averaged Raman spectra were obtained. No any degradation was found during several laser irradiations. This spectroscopic study was approved by the Institutional Review Board at the Taipei Veterans General Hospital, and all the procedures were adhered to the Declaration of Helsinki.
For comparisons of these variables, analysis of variance (ANOVA) was used. The p values <0.05 were considered significant. Table 1 The results of clinical features, history, PST and urodynamic evaluations for participants with or without IC Fig. 1 . Raman spectra of intact phenylalanine and tryptophan, as well as the representative freeze-dried water samples voided after PST. Key: a, intact phenylalanine; b, intact tryptophan; c, freeze-dried water sample of control groups; d, freeze-dried water sample of mild subgroups; e, freeze-dried water sample of severe subgroups.
Results
The glomerulation and hematuria were first used to screen the participants with or without IC. According to the above examinations, participants with or without IC symptom were clearly separated into control and clinical groups, as shown in Table 1 . Moreover, the participants in the clinical group were further divided into two subgroups after PST, one was a mild and the other was a severe. It is evident that the urinary pain and urgency after PST exhibited a significant difference between the mild and severe subgroups (p < 0.05). The data of urodynamic evaluations for clinical group of IC participants also showed a significant increase in urinary frequency but a marked reduction in bladder capacity, maximum cystometric capacity and maximum voiding flow rate, as compared with the result of control group (p < 0.05).
PST has been advocated as an office diagnostic screening method for IC, but it has been interrogated due to poor specificity and lacking sensitivity [4, 8, 9] . In order to further exactly confirm the results of PST for IC diagnosis, the freeze-dried water samples voided after PST has been once more examined by Raman microspectroscopy to detect the biomarker leaked from the lesions of the bladder. Figure 1 shows that Raman spectra of the intact phenylalanine and tryptophan, as well as the representative freeze-dried water samples voided after PST. The variability occurred between samples in the same group or different group is also displayed in Fig. 2 . Obviously, all the data were so gathered up and the differences in variability between same groups were minimized. This indicates that the sample preparation and determination method were optimized. It clearly evidences that only a predominant band near 1003 or 1005 cm −1 due to phenylalanine was observed in the representative Raman spectra of freeze-dried water samples voided from control group (n = 10) or from mild subgroup (n = 7) of the clinical group ( Fig. 1c and d) , as compared with the Raman band at 1003 cm −1 of intact phenylalanine (Fig. 1a) [23, 24] .
From Fig. 2 , however, the mean values of Raman shift for both control group and mild subgroup (1003.100 ± 0.738 for control group but 1003.857 ± 0.899 for mild subgroup) at this preliminary report did not show any significant difference (p > 0.05), due to a small sample size. Whereas only one domain band at 1010 cm
assigned to tryptophan (Fig. 1b) appeared in the Raman spectrum of freeze-dried water samples for severe subgroup (n = 5) of the clinical group (Fig. 1e) . The result is also listed in Table 1 . It is interesting to note that phenylalanine or tryptophan was uniquely detected by Raman microspectroscopy in each freeze-dried water sample voided after PST, suggesting that phenylalanine or tryptophan might be used as a biomarker to certify the results of PST.
Discussion
It is well known that the bladder epithelium of normal individuals is relatively impermeable. However, patients with IC symptom have a dysfunctional bladder epithelial membrane to improve the urothelial permeability of urinary compounds, especially potassium, resulting in urge sensation and consecutive stimulation [6, 7] . Although the current consensus concerning PST and urodynamics are not enough to diagnose the IC symptom, these techniques may still provide useful information on the differential diagnosis of painful voiding disorders and the symptoms of the overactive bladder [4, 8, 9] . In this preliminary study, the results of PST and urodynamic evaluations were the same as the other reports in which the sensory urgency and instability, reduced bladder capacities, and pain with bladder filling at low volumes were found for many IC patients [25, 26] .
The result of this preliminary study proposes a new vibrational spectroscopic detection to further reinforce and certify the results of PST for IC diagnosis. Raman microspectroscopy is convenient and easy for spectroscopic detection of biosamples, particularly the freezedried water samples voided after PST were less complicated than that of the dried samples of common urine. A few bands were also observed in the Raman spectrum of each freeze-dried water sample voided after PST. The prominent Raman bands at 1003 (1005) or 1010 cm −1 might be assigned to the phenylalanine or tryptophan, respectively. The band at 825 cm −1 was also corresponded to the tryptophan. The weak bands within 1680-1610 cm −1 were ascribed to amide I vibration of protein, but the band at 1175 cm −1 was assigned to the urea [23, 24] . In particular, the appearance of phenylalanine or tryptophan in the freeze-dried water samples voided after PST might be a possible biomarker to assist the IC diagnosis, though the leading mechanism of both amino acids is unknown. This preliminary study suggests that tryptophan might be used as a special marker to discriminate the severity of IC symptom, although phenylalanine could not yet separate the control group and mild subgroup by using less number of participants. Even if the absence of tryptophan in urine after dietary modification had been reported [27] , the differences of patient's species and common food intake might be responsible for this reason. However, further study should be examined in more detailed to certify the possible use of Raman microspectroscopy for IC diagnosis.
Conclusions
The present study suggests that a non-destructive analytical technique of Raman microspectroscopy might possibly be used to exactly certify the results of PST for diagnosis of IC. Phenylalanine or tryptophan seemed to be a possible biomarker to assist the IC diagnosis after PST.
